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indispensable role in modeling techniques and that these would be impossible to implement without the imaging practices associated with them. The present essay, therefore, seeks to substantiate the thesis that images continue to be indispensable to design processes, contributing to the development of the design object and guaranteeing the rightness of emerging design knowledge. The capacity of images to play such a crucial role is all the more surprising when we consider the special epistemic setting of design processes. When new artifacts are developed, the epistemic object in question is something that does not (yet) exist, even if a design often leads -albeit with some delay -to its own realization. In this process of developing something new, certain ways of editing images prove to be particularly suited to anticipating a future object and ensuring that it will work. This issue is explored, first, by elucidating the characteristic features of design images from the perspective of image theory; these are identifiable by their particular referential modes and their fit. It transpires that the key to their epistemic effectiveness lies in their generative operativity, which in turn opens up a media-based reflexivity (Section I). To examine in greater detail the way imaging practices work, an architectural example traces the development of a façade using various modeling procedures (Section II). Methodologically speaking, this is a reconstructive post-hoc analysis.
2 Based on the archived image material available and on interviews, it uses image theory to illuminate and discuss the techniques deployed (Section III). The analysis of the examples (sketching, rendering, projecting, notating, and scaling) shows how generative image-based procedures help to systematically explore the design, to sort out the right from the wrong variants and, by progressing iteratively, to ultimately arrive at a design solution that works. Studying the way designers actually work with images makes visible the image-based epistemic strategies that are used to establish the rightness of the design and the knowledge emerging from it. These image-based epistemic strategies substantially serve to safeguard the development of buildings even in the digital era (Section IV).
I. Some Special Features of Design Images
The range and depth of kinds of images encountered in design processes is impressive. The spectrum extends from sketches used largely in the early stages of design, line drawings, plans using standardized kinds of notation and diagrams through to photorealist perspectives, collages, and animations. They appear in a variety of media, from paper products through to the moving screen image. Despite this, design images -by which I generally mean all those image-based artifacts which play a direct role in formulating and processing a design -have attracted scant attention from image theorists to date. This is all the more bewildering when we recall their key role in engineering, architecture, and design per se. With the exception of the fine arts, hardly any field is dominated to such an extent by image-based techniques as that of the design disciplines. 3 Dividing them up roughly according to their origin, design images can be regarded as belonging to the field of the technical image and are in many ways similar to images used in the sciences. 4 Using classifications that place greater emphasis on their functions, they fall within the field that has been characterized quite generally as "useful images" (Boehm 2001: 43) or "images for use" (Majetschak 2005) . Such attempts at definition, however, are motivated above all by the wish to distinguish such images from artistic images.
They reveal little about the characteristics of these 'other' images where utility and practical application are key. In order to better understand images used in design processes, then, a number of distinguishing and characteristic features are highlighted in order to explain their specific epistemic capability.
Epistemology
From an epistemological perspective, design can be characterized as a complex and usually protracted epistemic praxis whose aim is to develop a new artifact and in the course of which knowledge about this artifact is generated. 6 Ensuring that the design works and that the knowledge required to make it work is correct requires numerous iterative loops. New starts are made time and again to insert variations and modifications. Large amounts of information as well as the expertise of the different groups of people involved need to be brought together.
Numerous -frequently contradictory -parameters affecting the design need to be identified and weighed painstakingly against one another.
Step by step it thus becomes possible to make the design more precise and more detailed, and to optimize it. If this process is successful, 3 Eugene S. Ferguson (1992) has given an impressive account of this from a historical perspective. 4 For examples, see Bredekamp, Schneider and Dünkel (Eds. 2015) , Robin (1992) , Sachs-Hombach (2012) . 5 My intention in the following is not to clarify the concept of image. Rather, by starting instead with a domain of phenomena -namely, physical artifacts which display the characteristic of flatness and are addressed in architecture and engineering by labels such as sketch, drawing, plan, diagram or rendering. The intention here is to study certain aspects of this domain. Excluded from this study are images which may play an important role as templates, exemplars or sources of inspiration in generating ideas. In his study, for example, Jürgen Potthast (1998) draws attention to the many illustrated books stored in the library of an architectural firm. Photocopies taken from these books were used specifically to create collages in order to generate ideas. Such examples, however, describe a specific design culture used by individuals or by a firm and cannot be generalized. What designers experience as helpful in generating ideas is a highly subjective matter. A whole host of other things besides images -an inspiring collection of objects, a stroll, an art gallery or a concert -can have just the same effect, and the list could be extended indefinitely. 6 For the notion of epistemic praxis see Ammon (2013a Ammon ( , 2013b .
what emerges in the end is a comprehensive set of design knowledge and a solution that works and ensures that what has been planned can actually be made a reality.
However, in contrast to, say, the fine arts or crafts which are also poietic processes, it is generally not possible to work on an object directly in architecture or engineering (or sometimes in design). Over lengthy stretches of the development process, design is characterized solely by the use of 'proxies'. These set the overall conditions for the inspection and testing procedures and it is only through and with them that design knowledge can be generated and validated. At the same time, they are crucial resources for discussion and for communicating (preliminary) results to a range of different groups of people; as artifacts, they can be multiply reproduced and distributed to all those involved. Of all these proxy artifacts, image-based ones constitute an especially large and striking collection. Deeply rooted in the design process, design images become crucial instruments of reflection which make possible the development of the new artifact as well as of the design knowledge associated with it.
Reference
However, the usual theories of depiction are not capable of explaining the specificities of technical images in design processes and how they work. We might hastily assume that design images depict a certain future artifact. Yet this is based solely on a retrospective view of the design process -that is, once the different work phases that make up a design are no longer readily apparent. Such an interpretation overlooks the fact that, in the decisive phase when the images are created and used in specific ways, no building exists. If at all, the object shown in the images is only subsequently made a reality once the majority of the design work has been completed. Any attempt to define design images must therefore do so without making reference to subsequent practical realization -after all, it is not unusual for this not to occur at all. 7 And even if the design process leads to a material building, it is generally not depicted in its entirety by the foregoing plans: changes and ad-hoc solutions frequently occur in the actual building process.
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Unlike depictions, design images are characterized by the fact that they do not refer to an actual object in the course of their main use during the design process. Philosopher Nelson Goodman has coined the term "null denotation," or empty reference, to refer to this special 7 This is the case, for example, with the majority of competition entries, as well as when a project is ended prematurely due to financial problems or problems relating to building permission. Visionary design drawings as a form of art might similarly be mentioned in this context. 8 There are good reasons why, in addition to supervising construction, a final documentation of the design that has been implemented is one of the basic services to be provided according, for example, to the German list of fees for architects and engineers.
case of a symbol without an object of reference (Goodman 1968: 21) . Empty reference is, for example, a feature of fictitious images: in the case of an image that shows a unicorn, or in a literary text that describes Sherlock Holmes, the reference is empty. In both cases the symbols refer to nothing; taking their reference as the point of departure, the symbols appear identical.
The fact that we are nonetheless capable of making clear distinctions when using the images has to do with their differing classification and the associated reciprocal relations to other uses of symbols. The representation of a unicorn belongs to the category of unicorn-images while the Sherlock Holmes representation belongs to the category of Sherlock-Holmes-imagesand the latter in turn to the overarching category of images-of-man. Fictitious images or descriptions thus need no object of reference to be interpreted properly and used correctly.
Applied to the context of design images, this means that the rightness of design images cannot be backed up by a reference to something; they cannot be validated directly against the object.
To discover more about their epistemic role, it is necessary to study the way they are embedded in contexts of classification and use. During this process, intrinsic mechanisms of correction and validation come to the fore.
Fit
These comments notwithstanding, design images should not be equated with fictitious images. Elaborate design images serve to guide the realization of the artifact developed with their aid. In a successful design process they do not become stuck in the domain of the fictitious but rather present practical instructions for implementation, at the end of which the plan conceived has been turned into a haptic, tangible artifact. And this is indeed one important difference between design and fiction: in the case of the latter, there is no intention to make something a reality. This, then, is a fundamental feature of design images -they are
created to enable what they show to become real. In a successful design process, mature drawings and plans serve to ensure that a new, functioning artifact is created. This is associated with certain requirements regarding their rightness, which are not made of fictitious images with this degree of rigor. Design images are always already under obligation to facilitate a successful realization.
In his discussion of "designing images" and "pictorial instructions" philosopher Oliver Scholz the world while in the case of the latter, the world is made to fit the image. It is through their specific form of fit that design images become instructions. To enable this, the accuracy and correctness of the information they provide and that has to be generated during the course of the design are fundamental.
Notationality
Design images emerge from drafting procedures: they are the outcome of specific modes of notation. They are distinctive insofar as they use graphic means to capture certain aspects of the design and thus to make it possible to work with them; their operative space develops on the plane. At the same time, their conventionalized representations provide a basis for communication and can be multiply reproduced. Nelson Goodman, who undertook a systematic study of the different notations in the arts and compared them with one another, has pointed out that one characteristic feature of notations is their clearly articulated syntax.
Notations can be identified by the fact that individual inscriptions are 'legible' and can be attributed to a "character" (Goodman 1968: 130ff .) (as a category of abstraction of inscriptions). This account is easy to understand if we consider the alphabet: a, A, a, a are all inscriptions of the letter A. Regardless of how they are written -whether large, small, thick, thin or in italics -all these inscriptions are embodiments of the letter A. This applies similarly to the graphic design of architectural plans: in line with the relevant conventions, certain arrangements of geometrical shapes can be identified as, say, a wall, a door or a windowregardless of whether they are presented in the form of a hand-written pencil sketch, an ink drawing, or a computer-generated printout. The reason for this is the syntactic disjointedness and differentiation of the characters, which make it possible for inscriptions to be attributed in finite steps to exactly one character. 9 What comes into play here is a further important feature, namely, the reduced nature of notations. In Goodman, this idea crops up in the form of a negatively formulated assertion: images in the fine arts are characterized by a relative repleteness -the way a line is drawn can become significant, for example, in many ways, be it in the nuanced way it changes direction, its exact position on the drawing surface, the degree of pressure applied when drawing, the varying breadth of the line, the choice of pencil and paper, etc.; in contrast to this, notations work with far fewer meaning-bearing factors.
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What is important is that design images as notations are generally read not in isolation from but rather in conjunction with one another. To interpret a drawing of a wall correctly, it is not enough to know its length and breadth as shown in the floor plan. What is also required is information about heights and connections, which in turn are taken from sections and elevations. And even these details are not enough in practical terms for many building tasks; they need to be accompanied by detailed plans for certain construction-related issues, as well as by precise descriptions of materials and structural explanations in non-pictorial notations.
One striking feature of design processes is that different notational procedures intersect with one another -from pictorial, linguistic, and mathematical writing procedures to physical models.
Operativity
It is the operativity of design images that enables their notationality to exert its powerful epistemic efficacy. Philosopher Sybille Krämer illustrates the notion of operativity in images by reference to scripts, maps, and diagrams, but it is equally true of images in design processes. 11 She demonstrates that certain types of image not only represent something but that "in doing so, they also open up spaces for handling, observing and exploring what is represented" (ibid: 104). In the course of their use, images become tools and instruments of 9 Although Goodman is rigorous in his use of terminology to differentiate between notational systems and notational schemes, he is ambiguous in his classification of architectural plans, cf. Capdevila-Werning (2014: 85ff) . 10 In this way, something normally associated with scripts is transferred to design images. This phenomenon has been characterized in general terms as notational iconicity (Schriftbildlichkeit) in order to illustrate the fact that notations can also be described as an interweaving of discursive and iconographic dimensions; cf. Krämer (2009: 97) . Discursiveness and iconography thus become the two poles of an imaginary scale onto which the different drafting techniques -from the sketch to the detailed plan -can be gradually mapped. 11 Krämer discusses operativity as one of six formative features of scripts, diagrams and maps the distinguishing characteristic of which she addresses as "operative pictorality" (Krämer 2009 ). Not all features of operative pictoriality are specific to design images: whereas the first two characteristics, flatness and directedness presumably apply to pictures in general and whereas graphism and syntacticity are characteristics of notations, the referentiality of design images, as shown above by reference to Goodman and Scholz, cannot be explained by the ›classic‹ depictive character identified by Krämer in relation to "operative pictoriality". reflection; they enable that which is represented to be "looked at, analyzed and reflected upon" while simultaneously constituting it per se (ibid: 104f.). Krämer illustrates this by referring to town maps: they help us to find our way around when they become a component in a continuous, interactive use-based relation with the person seeking orientation. This person must locate their position on the map, which requires a complex process of coordination between hand and eye. This in turn enables them to find their way and plan a route as well as to estimate travel time. The kind of sophisticated cognitive operations set in train in the process become especially evident in the case of maritime navigation using nautical charts.
To better understand the operativity of design images, however, a further distinction that goes beyond those identified by Krämer is needed. Operativity can occur in two ways: by doing something with the image and by doing something within the image itself. In both cases design images become epistemic tools, albeit in different ways. In the case of instrumental operativity (doing something with the image), the image exerts its epistemic efficacy when it is captured and used as an interim product or as a final product. Image-based actions take place without any changes being made to the image itself. In the design context, instrumental operativity arises, for example, when images help to analyze the current state of planning at a team meeting, to give a presentation to a client about a design or to serve as a guide for work during the construction phase. In the case of generative operativity (doing something within the image), epistemic efficacy occurs in the course of creating the image itself. These are image-based actions deriving from the actual genesis of the image. It is this kind of generative operativity in particular that characterizes design images. It occurs whenever the development of the image serves simultaneously to develop the design -as, for example, when the design situation is explored by drawing lines next to or on top of one another, when a construction solution is arrived at by a process of graphic exploration on the computer screen, or when diverse information is gathered and modified by notational reworking.
What needs to be borne in mind here, though, is that the subdivision into generative and instrumental operativity is a heuristic one. In practice, the two ways of using images are frequently linked together. When the status of planning is taken as a basis for discussion in a team meeting, the plans produced thus far initially exhibit instrumental operativity. If, in the course of discussion, this pictorial material is developed further -say, by sketching onto the printed drawings -then it is generative operativity that is most prominently at work.
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Mediality
The operativity of design images comes into play in the context of their mediality. This is because the emergence of an image is bound up with various techniques and tools that make it possible to work on certain issues and problems in the first place. An idea conceived by philosopher of technology Christoph Hubig in relation to technology in general applies just as well to the mediality of imaging techniques: he proposes that we understand technologies as a structured space of possibilities in which "something is enabled that depends on pre-existing conditions […] and, to this extent, incorporates the 'traces for …' a realization" (Hubig 2006: 148) . Technologies establish certain trajectories for use, thereby opening up operative spaces;
at the same time, however, their prior structuring rules out certain kinds of handling, and this constitutes a drawing of boundaries from within. The technologies' "traces for …" in turn become inscribed onto the outcomes they generate in the form of "traces of …" on account of their "surplus of mediality" (ibid). This can be observed quite strikingly when we look at the way computer-based modeling tools and the drawings generated by them are handled.
Depending on the software, various basic geometric elements and operations are available for the process of construction, each of which enables different ways of generating shapes. In the way they are shaped, they influence in turn the final appearance of the artifact-to-be, which manifests traces of the tools used to develop it.
This form of dependency is what enables the development of a design to be steered in specific directions by the choice of imaging techniques and technologies. Sketching using a soft, flexible pen or pencil on rough paper, for example, makes it possible to work swiftly and to deliberately allow for impreciseness. When used during the early stages of thinking about a design, this method allows the designer to concentrate on the broadly defined setting without being distracted by details that generally, in any case, cannot be dealt with at this stage. The imaging techniques used here correlate with the epistemic situation: unknowns and roughand-ready approximations can be shown in the sketches. In contrast to this, the exact, fine inkdrawn line of a plan demands a slow, careful way of working involving accuracy and a large amount of detail; every single stroke of the drawing tool has to be thought through, as there is little margin for error. Depending on the point in time at which a technique or technology is action" can be understood in terms of "experimental action" (Bildhandeln als Probehandeln) (2009: 156ff.) . However, drawing on the original concept coined by Freud, who understands experimental action as a purely mental activity, not only would the material-haptic aspect of designing be lost but also the reflexivity of notation. Similarly, the notion of virtual reality as described by Lambert Wiesing (2005) does not seem helpful in this context either, as he ignores the generative operativity and medium-based reflexivity involved in drawing practices.
used, it will prompt a different way of working on the design. Technical resources thus constitute not only a supporting work environment but also acquire -by virtue of their mediality -an active role in processes of testing and validation. According to Hubig, technology not only optimizes "single actions" but also aims at "validating the conditions of its use, that is, the possibility of methodical action itself, by controlling, validating and protecting these conditions -liberating them from contingency and thus enabling them to be constituted as conditions in the first place and in the strict sense" (ibid: 158).
Reflexivity
A further characteristic feature of design images comes to the fore in the materiality of imaging practices, namely, their reflexivity. The well-known categorization of sketches suggested by historian of technology Eugene Ferguson contains an allusion to this. In addition to the "prescriptive sketch" used to give tradesmen specific instructions, Ferguson identifies two reflexive forms of sketching: the "thinking sketch" as an immediate testimony to individual reflection encountered, for example, in sketch books, and the "talking sketch" as in a dialogue between various members of a team (Ferguson 1992 : 96 f.). Media-based reflexivity has been described in even more general terms by design theorist and philosopher Donald Schön. He characterizes the design process as "a conversation with the materials of a situation" (Schön 1983 : 78) which can be conducted in a sketch, on a set of plans, or, indeed, on the computer screen. He describes the design process as a complex network of design moves that develops step by step mainly by means of the drawing process. Each step can give rise to a set of implications; these need to be evaluated in terms of their consequences, feeding in turn into new design moves (ibid: 94). The complexity of the situation means that design moves will bring about unexpected outcomes. According to Schön, the results of a drawing may 'talk back' to the designers and thereby pose a challenge to them. In a situation of this kind, the pictorial artifact appeals to the designers and demands an answer; a process of going into further detail, discovering new options and re-thinking existing ideas is set in motion and can serve to drive the development of the design further. In continually referring back to previous versions, the act of designing prompts an intensive process of reflection and diagnosis of problems, described by This brief account of a number of characteristic features of design images makes no claim to completeness. What it does show, however, is that the role of images in design displays several particularities. As epistemic tools, these images make a key contribution towards the development of the design. They are used for working on and exploring the design and for testing its feasibility. In this way, the vague starting conditions of the design can gradually be turned into validated knowledge about the planned artifact. Once this is laid down in the construction plans, it provides a basis (in conjunction with other specifications) for enabling a functioning, material artifact to take shape. This occurs despite the fact that during the development process design images have an empty reference: in other words, they cannot be we need to examine in greater detail how these images emerge and the concomitant way they are used. This is done in the next section by looking at a specific example of a design process.
II. Excursus: J. Mayer H. Architects -Modeling Practices Used in Developing the
Façade of an Apartment Block
After an invitation-only competition held in 2008, the architecture firm J. 'Friedrichstadtpalast' and cultural center 'Tacheles.' In the course of revising the plans, the façade that faces onto Johannis Street acquired a growing significance and involved the firm entering uncharted territory both in terms of design and work techniques. Whereas the plans submitted by the firm for the competition still show kinked walls set back from one another story by story, the final version of the façade design shows a surface with multiple curves that appears to work its way over the front of the building in dynamic wave-like movements [ fig.   1 ]. 15 Structurally, the striking shiny metallic envelope is made of individually molded aluminum slats laid out on cut u-shaped profiles [ fig. 2 ]. Rather than drawing on extruded patterns to develop the façade, as in previous projects, in the case of JOH3 the firm turned to an amorphous vertical landscape generated from freeform surfaces. This design innovation entailed a technical one as well: when developing the design, the team experimented with the use of computer-based tools throughout, largely shunning physical architectural models.
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Only two physical models were made during the development of JOH3. One of these, made in the early phase of the design, was a mass model of the building complex made of Styrodur.
17 Abstract mass models made in dimensions useful for urban planning purposes serve to display and examine in more detail the building volume required within the spatial planning program in terms of its distribution on the plot in question and in relation to its surroundings. The material-based haptic model enables the user to move and rearrange parts of buildings manually; by turning the model this way and that in a flexible way, the arrangement can be examined from different perspectives, giving the user a real "grasp" of the building's dimensions. In addition to this model, a detailed model of the façade was produced as a '3D print' when the planning stage was almost completed [ fig. 3 ]. The term '3D print' is a rough-and-ready way of referring to a form of rapid prototyping which, as a technique, comes originally from engineering and industrial design and is used to generate a usable prototype. In rapid prototyping, computer-generated geometric model data are translated into 15 The re-design of the façade was initially motivated by esthetic reasons. While developing the competition version further the design team decided that it was 'too ordinary' -they wanted something new. The investor, Euroboden Berlin GmbH, played an important role in this context: given their intention to rent the apartments in the high-price market segment, they were prepared to support the costly and time consuming development of the façade. Unless otherwise indicated, information provided here about the design process as well as about the techniques used derives from an interview conducted by the author with two team members on 22.04.2013. It is important to note here that J. Mayer H. architects generally archives very few artifacts; usually, only those items are preserved which turn out to be significant (from a retrospective point of view) during the course of the design process. 16 Whereas, for example, the firm's previous project Dupli.Casa -also highly sophisticated in geometrical terms -was developed using numerous working models made of paper, cardboard and foam, these material, haptic models play only a minor role in the project on Johannis Street. 17 Styrodur is the trade name of a firm type of foam (polystyrol) popular among architects due to the fact that that it is easy to manipulate (e.g. with cutting procedures that use a heated wire) when fashioning objects, especially rectangular ones.
machine-based instructions in order to create a physical artifact with the aid of either subtractive (cutting of wood, foam) or additive (sticking or melting of paper, resins, and metals) procedures. Once the initial idea had been developed over an extended period on the computer, the design team felt they needed to double-check what they had done. Unlike the earlier mass model, which had been used in an exploratory way, the façade model served as a test case to make sure the optical and spatial effects of the slat structure were as intended.
All the other models made during the course of the design process were primarily computerbased. A range of software programs were used: ArchiCAD by Graphisoft to make a simple model of a building, Rhinoceros by McNeil (Rhino for short), and Maya to model the façade using freeform surfaces. 18 The use of different programs is an indication of their various strengths in terms of handling and range of uses. For example, ArchiCAD is especially suited to create plans. This program was quick to integrate building information modeling (BIM), which enables more information to be added to geometric data. This makes it possible, for example, to automatically generate calculations of floor area and quantities, which are needed for the cost estimate, the calculation of living space and the quantity survey once a project has been put out to tender and the contract awarded. By linking geometric elements with information about materials and costs, it is possible to feed any spatial alteration (made necessary by, say, changing the position of a wall) into an updated quantity survey and thus to exclude a significant source of error. While developing the JOH3 design, the architects worked with ArchiCAD in the so-called 2D and 2½D range without making use of the extended BIM options. The geometric operative space is a plane defined by two coordinates (x-y, x-z or y-z), which in turn corresponds to the planning formats of floor plan, elevation and section. Since the parts of a building can additionally be allocated certain heights in ArchiCAD, simple spatial building models can be obtained from the drawings without the aid of a ›real‹ spatial modeling -hence the reference to 2½D in planning jargon.
The decision to develop a multiple curved façade meant that the design tools themselves had to change, because the structural limitations of ArchiCAD meant it was not possible to design more sophisticated freeform surfaces. The firm therefore adopted Rhino and Maya software, which facilitate direct spatial modeling by virtue of their ability to geometrically describe the elements using three coordinates (x-y-z). Both programs work with 'NURBS' (Non-uniform rational Basis spline), which handles curves and surfaces using control points outside the curve. This facilitates not only a highly variable mode of shaping but also allows it to be clearly defined mathematically and numerically, which in turn provides the basis for subsequent machine production. Although the 2½D model and the 3D model complemented one another in terms of information, it was not technically possible to link them together. The exchange of information had to be done using the DWG file format 19 used to transfer geometric data -resulting in the need to update changes manually. It was not only the technical specifications of the software and the program's capabilities that determined how the design could be tackled; the right people were also needed to master the sophisticated software. 20 As a rule, CAD experts usually specialize in 2D (as a basis for creating plans) and 3D (as a basis for developing and visualizing spatial and construction-related elements) drawing processes. So it was, too, with J. Mayer H. architects: in order to develop the façade, one member of the team spent about a year familiarizing herself with Rhino and Maya.
It was the interplay between new geometric modeling tools and automated production techniques that enabled the façade to be realized. Since each individual slat is shaped differently, the templates and blanks had to be calculated and adjusted anew for each element.
If the team had decided to make use of conventional techniques, the effort and the costs involved would have made it economically infeasible to implement the project. It was only the use of computer-aided manufacturing (CAM) that opened up new possibilities. The geometric information for the façade model that described each individual slat in highly precise terms, for example, was passed on directly to the manufacturing company to be produced. The DWG format provided the interface here again; although a paper-based version of the plans was needed for legal reasons, it was of no import whatsoever in the actual manufacturing process. The manufacturing company, for their part, processed the data according to what they needed for the automated production of the slats. To do this, the geometric information from the CAD data was translated into machine instructions in order to use the computer-controlled CNC cutting tools directly. It is these finely matched design and 19 DWG is a proprietary file format produced by the company Autodesk. It was originally developed for AutoCAD and has become, among others, a standard means of file exchange. The DWG format is used predominantly to store geometric data. 20 In his study Yanni A. Loukissas points out that staff are often resistant to learning how to use new software tools, as they fear being demoted to the position of drawing assistant and no longer being allowed to work conceptually as part of the project management (2009). With the introduction of digital drawing tools an imbalance emerges between those who are able to handle the new drawing tools and those who try to avoid using the new techniques. Often, interns and beginners seize this chance, frequently establishing a close working relationship with managers who themselves are no longer able to work with the tools. This in turn indicates the importance of the hand drawing as a low-threshold means of communication.
manufacturing techniques that made it possible to realize the geometrically complex envelope. elevations on a virtual layer of paper on which the plans are drawn.
III. Image-based Techniques in Design Praxis
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In this ephemeral process of developing images, material manifestations that 'freeze' a certain design stage and make it available in another medium play an important role. Thus it is no great surprise that in computer-based design praxis nowadays, certain stages of the planning model are printed out at regular intervals, whether it be a screenshot, a part of the plan, or a colorized rendering, in order to keep track of the ongoing development. These manifestations make it possible to step back and get an overview, to begin exploratory movements and to make comments or corrections. Unlike computer screen projections, work done using pencil and paper leaves behind the exploratory traces which can then be fed into future revisions.
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Given that they are temporary aids, the majority of these material artifacts end up in the waste 21 Program codes are rarely used to work on the design; a program code can be activated via keyboard entry and shorthand symbols and is often used to complement other means of display. Whereas the early drafting software made much greater use of interfaces in program codes, programming has come to acquire greater significance again in the last few years in the form of 'parametric modeling'. The most commonly used software still provides a graphical user interface for this, however. 22 Although so-called tracking programs can also capture changes in the planning model, they do not contain any direct visual traces of the drafting process. This does not mean to say that such practices should necessarily be done using pencil and paper, merely that they reflect the current status of technology. Further software and hardware developments make other types of use conceivable as well. basket once they have been used. Anything that is preserved in the office archives can be used in a reconstructive analysis such as the present one. It is the traces of these products which can shed light on the specific epistemic effectiveness of image-based techniques in design processes.
Sketching
Design theorist Gabriela Goldschmidt identifies a range of criteria that testify to the considerable cognitive potential of the hand-drawn sketch: the speed with which it can be done (enabling it to keep pace with the speed of thought), minimal rules for producing the sketch (making it possible to focus on generating ideas rather than squandering additional cognitive resources), tolerance of ambiguity, approximations and incompleteness (making it possible to maintain a degree of vagueness in the provisional exploration without having to stick to embryonic ideas relating, say, to shape and form), transformability and reversibility (which do justice to the non-linearity of exploratory thought processes and enable seamless revisions or return to previous ideas), and flexible 'stop rules' (enabling the process to be brought to an end at any time without any loss of information). 23 Also worth mentioning here is the way multiple meanings are activated (making it possible to transcend the status quo in the course of reflection) and a marked reduction in what is shown (ensuring that the designer sticks to just a few exploratory parameters). These strengths of the hand-drawn sketch illustrate why the technique plays an important role in design development even today. Figure 4 shows how a printout of the façade served as a template on top of which thin tracing paper was laid. Potential façade openings were explored using a thick pencil and a rapid and spontaneous series of strokes. The aim was to review the current stage of planning: the search was on for a new façade design. The exploratory sketching shown in the figure focuses on selected parameters (surface of the wall, window opening) in order to examine dependencies.
Thin sheets of tracing paper can repeatedly be laid on top of one another, enabling parts of the draft (and hence a certain planning stage) to be adopted and others to be changed -in this way, variations can be made not only within a drawing but across a series of sketches. In the serial drawing process shown in figure 5 , repeated fresh starts are made deliberately in order to generate multiple variants. In this reflexive process it was possible to open up the existing planning stage, to examine it closely and call it in to question in order to clear the way for new ideas. One example of drawing over previous sketches in an exploratory way is shown in figure 6 , where the curved slat structure is interrogated by heavily emphasizing the entrance 23 See the essay by Gabriela Goldschmidt in this volume.
area. In the sections in particular, one can see how lines are placed next to and on top of one another to define the shape of the curves more precisely.
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Closely linked to variation is comparison. This is not limited to the sketching process alone; it is also found in other image-based techniques. Comparisons can be conducted within an image, when lines and shapes are explored by swift, probing strokes of the pen or pencil, or when a new trace is made to draw over, reinforce, confirm, or reject what is already there.
Comparisons can also be done by setting different variants off against one another, as when a series of drawings are laid out or hung up side-by-side. This is frequently done during design meetings and enables the team to actively recall the current state of planning, to remind themselves of the decisions that have been made so far, to debate the pros and cons of certain options and think them through in terms of their consequences, and to prompt new exploratory moves in a particular direction. This enables the diversity of perspectives inherent within the scenario development to be opened up in order to check and improve upon different pathways of development.
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Rendering Rendering techniques enable the design object to be pictured in a way that is usually suggestive of a photorealistic depiction. This requires a 3D model of the planned artifact that has been generated using a CAD program. This involves allocating optical material properties (such as texture, color, or reflective responses) to the 'visible' surfaces. If light conditions are also defined and a certain perspective is chosen, it is possible to compute how the object will actually look. Most drafting programs have renderers embedded in them, but often designers make use of external, better performing renderers, thus increasingly making it possible to display an object in real time. The desired effects are often improved by subsequently editing the image using image editing programs such as Photoshop -involving additional work but often done for larger presentations in particular (Houdart 2008) . Whereas it takes intensive 24 Another drafting technique, in which the existing (stage of a) draft is creatively re-worked to prompt reflection and new ideas, can be found in a study by Boris Ewenstein and Jennifer Whyte (2007: 699) . The lead architect in a project joins a meeting of the design team and tries to gain a hands-on understanding of the current state of planning by sketching over what is already there. The architect lays tracing paper over the existing plan, partly reinforcing the existing sketch and partly inserting variations and changes. In a subsequent interview he describes the process as an inquiry, asking: Have you considered this or that? What happens if you do it this way or that way? 25 Ignacio Farías (2013) describes the purposeful application of dissonance as a design technique. An important point to note in this connection is that variation and comparison are not limited to the sketching process and that sketching itself is not necessarily an image-based procedure. Whether variants are created and explored in the design process using pencil and paper or model building techniques depends to a large extent not least on the geometric demands of the project and the design culture of the firm. One particularity of the sketch, though, is that the traces of what has been done before are preserved.
training to interpret sketches and plans, these new image-based procedures are able to convey to non-experts a quasi-tangible impression and thereby become an important means of communication for clients and the general public.
Rendering also assumes an important role in everyday design activities. Because it requires detailed modeling, it is not a procedure based first and foremost on a brief exploration. The focus here is more on extensive testing for the purpose of sounding out selected variants in greater detail. This makes it possible to examine a specific scenario in order, say, to analyze the size and shape of the openings in a façade from the perspective of a pedestrian passer-by [ fig. 7 ]. What is striking about the editing process on the printout is that the initial evaluation and subsequent adjustment were not done first on a computer model. To get quick feedback for further work, a hand-drawn sketch was used. Renderings can also be used specifically, however, to obtain information about a certain design parameter [ fig. 8a and 8b]. Focusing on a small portion of the façade, they serve to examine the visual effect of a narrow or a broad gap between the u-shaped profiles while ignoring other properties of the façade. In this way, it was possible to obtain information about the design impacts of this in relation to the distance between the slats.
Projecting
Projecting is based on principles of descriptive geometry that make it possible to "depict spatial objects by drawing them using geometric methods and to solve tasks relating to the objects represented on the basis of this depiction" (Reutter 1988: 1) . As this textbook definition illustrates, the aim of descriptive geometry is to produce images that can be used to work out construction-related solutions. This is regardless of the fact that geometric operations can also be calculated using procedures developed in vector mathematics. Although the CAD software solves tasks by means of analytic geometry at the level of the program code, the display on the monitor screen is translated into the language of descriptive geometry -and this is for a good reason: from the practical standpoint, the purpose of the digital construction is to generate potential solutions on the basis of images. The application of clear rules of projection enables a true-to-scale representation of three-dimensional bodies on a two-dimensional surface. This enables not only spatial issues to be dealt with in the plane but it also provides reliable information about their position and their dimensions. Provided it is applied properly, it is possible to draw correct conclusions on this basis.
The epistemic capability of established projection procedures can perhaps be explained most easily by referring to the example of orthogonal projection on two planes, which in the building and construction industry forms the basis of planning with its floor plans, elevations, and sections. For this purpose, the geometric measurements of the fictitious design object are projected onto two mutually perpendicular image planes (planes of projection); the vertical projection plane is folded at 90° into the drawing plane so that it can be placed above the horizontal floor plan (ibid, p. 29ff.) . In this reference system, geometric forms can be built from the basic elements of point, line, and plane by certain kinds of operations, be it by making connections (connecting plane of three points) or divisions (intersecting lines of two planes or of one line and one plane). The 'true' measurements of lengths and angles can be determined by combining the two planes of projection in a single drawing (ibid, p. 40f.) . In design practices, clear rules of depiction and dimensional accuracy make it possible to work through design problems using techniques of construction. 26 In drafting terms, it is possible to determine where the groin of two interlocking roof areas lies, whether the desired rise-to-run ratio of a stair can be reconciled with the floor-to-floor height and the given stair length, or whether there are any dangerous overlaps of wiring or piping. 27 What is important for this is the mutual combination of the different planes of projection: to discover whether or not the right lighting situation exists for the purpose of which a room is intended, possible window sizes can be derived in the elevations by means of geometric information from sections and floor plans.
If the computer-based planning model is developed directly in 3D, it can be transferred directly to other systems of projection such as those of axonometry or perspective. Whereas with the two-plane procedure the two coordinate axes are projected onto the drawing plane, axonometry and perspective each deal with three coordinate axes on the projection plane generating a spatial view into the object. (Reutter 1988: 12-14, 174ff.; Reutter 1976: 67ff.) .
This gain in spatiality is achieved, however, at the expense of less accurate measurement; for example, in the central projection, only 'true' angles can be calculated, provided they lie parallel to the image plane. This is why the choice of projection procedure is closely linked to the questions that are being explored. Technical drawings are not only precise instructions for later building construction, however; they are also valuable tools for reflection during the development of the design. Standardized notation systems make it possible to explicate certain design-related aspects and to display them clearly in notations. At the same time, this enables the complexity of the design to be reduced, as only selected design parameters can be addressed within the framework of the notation system, guiding thinking in certain directions. A multi-layered combination of notation elements within the drawing also makes it possible to bring together different stocks of knowledge. Their accumulation means, on the one hand, that large and categorically heterogeneous sets of information are made available, while on the other hand, the deliberated arrangement of information generates groupings that lead to more than just a new kind of 28 Convention dictates that a horizontal section is applied at 1 m height above the floor for the projection.
clarity. Interconnections and dependencies can also be recognized and incompatibilities and conflicting demands can be revealed which can thus be re-worked and developed further.
Scaling
Characteristic of the design process is a process of deliberately alternating drafts at different scales. The progression is not necessarily one of small to large scale, from a rough overview to a detailed plan; rather, more typical is a repeated process of going back and forth between different scales. The change in scale is not to be confused with 'zooming in' and 'zooming out' on a computer monitor -that is, enlarging or reducing the way the model appears on the monitor screen.
This happens in the context of a pre-set scale. It is clearly defined for the building model and is independent of the size of the computer display. Even if representational conventions are able to mark the embeddedness of the image in a certain scale, users often complain of a loss of the original scale features when the zoom function is used. In order to balance these shortcomings, regular 'plots' are made of the drawing; in other words, a true-to-scale printout is produced on paper in the usual planning formats. The paper drawing can in turn serve to analyze and validate the state of planning; corrections and alterations can be noted by hand and be subsequently amended further on the computer screen. As in the other image-based practices described above, this process of regularly comparing and aligning the different image-based interfaces turns out to be an important one in design development.
IV. Conclusion: The Importance of Image-based Epistemic Strategies
Many different strategies are used as a form of epistemic practices in design in order to generate specific kinds of insights and to acquire validated knowledge about the design object. These strategies enable the design to be sounded out and explored while it is still at the
stage of being open-ended and imprecise; variants can be tested and tried out, conclusions drawn and detailed proposals examined systematically.
Step by step, then, the rightness of the design is developed in countless iterative loops. If this process is successful, then a laborious design phase will have produced a design solution that works and that in turn forms the prerequisite for a successful construction phase and period of use. Due to the way design must be done in architecture and engineering, it is not possible to work directly on the 'real' object during the key phases of development. This means that in its crucial stages, the genesis of the design is reliant on proxies alone. These set up the epistemic conditions for developing the rightness of the design. The aim of this essay has been to highlight the role played by images in this process.
As illustrated by the techniques examined above, many of the epistemic strategies used when designing buildings or other objects are image-based. The addition of variations to sketches and drawings prompts exploratory moves, enables scenarios to be explored, and consequences to be thought through. A subsequent visual comparison makes it possible to estimate the pros and cons of the different approaches, to uncover dependencies and to develop evaluation criteria for making the necessary decisions. Image-based techniques enable specific tests to be conducted so that the influence of certain design parameters can be studied or a selected variant analyzed in greater detail in a thorough drafting process. Scaling procedures help the design to be divided first into separate problems, and then into potential solutions to be brought together later on. Image-based externalization and explication makes design moves rationally comprehensible and capable of being communicated. Ways of accumulating and arranging large amounts of information mean that it can be gathered and worked on in the course of the drafting process. On this basis, processes of construction and notation make it possible to establish certain visual conclusions on the basis of the draft and to look for specific errors.
Examples of this kind underline the considerable importance of image-based epistemic" strategies in design processes -especially in an age of modeling. When deployed practically, ways of drafting and notating bring about an instrumental and generative operativity that is associated with highly diverse techniques. Depending on their mediality, they set different priorities for reflection. This explains why the many different image-based techniques are not used in isolation but rather in a closely interlinked way. These techniques are better suited to clarify certain issues about the design while others are better suited to work on others -when combined, they can often provide answers that fill in the gaps. At the same time, more opportunities arise to test the design and to search for errors. By combining different modes of representation, the design can be examined in several different ways: the various intrinsic control mechanisms enable it to be comprehensively validated.
A comparable division of tasks can be found not only between the different kinds of design images but also between other design artifacts and their associated techniques. To drive forward the emergence of the design, additional use is made of calculations, explanations, and descriptions; depending on the design stage concerned, these may include specifications, structural calculations, and physical calculations relating to construction, quantity surveying, cost estimation or tender documents for contracting practice. Only when these multi-layered aspects of a complex design are brought into mutual interplay can they be worked through and the rightness of the design can be ensured. It is through the impact of this interplay between different image-based techniques that they underpin a part of the overall system. The same is true of design models. As described above, two material models were made during the development of the JOH3 façade, each of which differed in its emphasis and served as a complement to the existing image-based techniques. Some of the strengths of these design artifacts lie in their ability to facilitate exploration of volumes and spatial extension. When put to specific use, they can clarify particular issues and enable the results to be fed into broader exploratory work. It is only this combined effect of different forms of reflection and validation that engenders the considerable epistemic power of design processes, which lies in forging a path toward well-founded knowledge about the design object despite there being no way of directly checking it against a 'real' object. The study of image-based epistemic strategies in design becomes, therefore, an instructive case for all those areas of the sciences in which knowledge has to be acquired exclusively by means of proxies. 
